Based on examination of 705 museum specimens, including the holotype and individuals identified using molecular attributes, we characterized Schmidly's deer mouse (Peromyscus schmidlyi) using a set of morphometric and morphological characteristics. Discriminant function analysis was performed on 14 cranial attributes to find those most useful to separate species. Factorial analysis of variance and multivariate analysis of variance were used to test for significant differences due to species, sex, age, and geographic location. We compared and contrasted P. schmidlyi with P. boylii rowleyi and P. spicilegus, morphologically similar and partially sympatric species, and reevaluated the distribution of the 3 species in the Sierra Madre Occidental (SMO) of Mexico. P. schmidlyi is a medium-sized Peromyscus distinguishable by a set of characters including overall size intermediate between P. spicilegus and P. boylii rowleyi, relatively wider braincase and zygoma, hourglass-shaped interorbital constriction, large auditory bullae, and strongly bicolored, tufted tail. Morphometric characterization is possible only when age and geographic location are taken into consideration. Several specimens previously identified as P. boylii rowleyi were reidentified as P. schmidlyi. Records available showed that P. schmidlyi is distributed in forested highlands of the SMO, from northern Chihuahua to northern Jalisco, between 1,550 (on the western versant) and 3,000 m of elevation. The species is sympatric with P. boylii rowleyi between 2,100 and 2,400 m along the eastern versant of the SMO and with P. spicilegus along a narrower band (1,550-2,000 m) on the steeper western slope. Distribution of these species closely reflects the most recent ecological regionalization of the SMO.
Schmidly's deer mouse (Peromyscus schmidlyi Bradley et al., 2004) was described from the highlands of the Sierra Madre Occidental (SMO) in the state of Durango, Mexico, based on molecular and karyotypic data. At the time of its description no diagnostic morphological characters were proposed, although the type specimen was described in detail. Cabrera et al. (2007) reported P. schmidlyi for the 1st time for the state of Sonora. The authors provided molecular evidence on the identity of their specimens and reported external and cranial measurements for 8 individuals. Ordóñez-Garza and Bradley (2011) compared P. schmidlyi with P. boylii rowleyi and P. spicilegus but added no new morphological information to that of the original description. They recovered the measurements reported by Cabrera et al. (2007) and those of Bradley et al. (2004) . These papers coincided in proposing that P. schmidlyi probably is distributed across the highlands of the SMO, at least to southern Durango (Ordóñez-Garza and Bradley 2011), or even to northeastern Nayarit, northern Jalisco, and northwestern Zacatecas (Cabrera et al. 2007) . All that was known of the natural history of P. schmidlyi to that time was summarized in Ordóñez-Garza and Bradley (2011) .
The description of P. schmidlyi resolved a number of issues regarding the identity of several specimens previously collected at the western slope of the SMO and explained some of the observed patterns of variation in ''P. boylii'' from southern Durango (e.g., Baker and Greer 1962; Lee et al. 1972; Schmidly and Schroeter 1974; Boles 1984; Bradley et al. 2004 ; among others), but posed new questions as to whether this P. boylii is morphologically distinguishable, and on the extent of its north-south and east-west distribution in the SMO. w w w . m a m m a l o g y . o r g 923 An analysis of museum specimens assigned to P. boylii, and comparisons with specimens used in the description of P. schmidlyi, revealed that it is possible to distinguish them morphologically, and that several specimens from the SMO previously assigned to P. boylii rowleyi are ascribable to P. schmidlyi. Furthermore, this reassignation allowed for a better definition of the distribution and possible habitat requirements of P. schmidlyi. The objective of this paper is to characterize P. schmidlyi using traditional external characters as well as morphometric information. Also, we compare and contrast P. schmidlyi with P. boylii rowleyi and P. spicilegus, both sympatric with P. schmidlyi on the eastern and western slopes of the SMO, respectively, and both formerly included within the same taxon. We further provide attributes that allow for distinction of the 3 taxa. Finally, the geographic distribution of the 3 species in the SMO is reassessed.
MATERIALS AND METHODS
A total of 838 specimens of Peromyscus from the states of Durango, Chihuahua, Nayarit, and Zacatecas were examined from the following collections: Mammal Collection, Centro de Interdisciplinario de Investigación para el Desarrollo Integral Regional Unidad Durango, Instituto Politécnico Nacional (CRD); Coleccion Nacional de Mamíferos, Universidad Nacional Autónoma de México (CNMA); Colección de Mamíferos, Escuela Nacional de Ciencias Biológicas, Instituto Politécnico Nacional, México (ENCB); the Museum of Michigan State University Mammal Collection (MSU); the Mammal Collection, Department of Ecology and Evolutionary Biology, University of Kansas (KU); and Mammal Collection, Natural Science Research Laboratory, Texas Tech University (TTU). Specimens examined are listed on Appendix I. Our sampling focused on the SMO, but for comparisons further specimens were added from the neighboring Pacific Plateau and Mexican Plateau adjacent to the eastern slope of the SMO. Specimens collected by us and deposited at CRD were captured and processed following the guidelines of the American Society of Mammalogists (Sikes et al. 2011) .
Fourteen cranial measurements were taken from all specimens as follows: greatest length of skull (GLS), from tip of nose to posteriormost edge of the skull; condylonasal length (CNL), from tip of nose to posteriormost projections of occipital condyles; zygomatic breadth (ZYG), greatest distance across zygomatic arches at squamosal portion; interorbital constriction (INC), least distance across the top of the skull between the orbits; breadth of braincase (BBC), greatest breadth of braincase posterior to zygomatic arches; breadth of incisive foramina (BIF), greatest breadth within incisive foramen; length of incisive foramen (LIF), greatest length within incisive foramen; breadth across molars (BAM), greatest distance across labial margins of the 3rd upper molars; length of palate (LBP), least length of hard palate between the mesopterygoid fossa and incisive foramen; length of diastema (LD), greatest length between posterior border of incisive alveoli and anterior border of molar row; maxillary toothrow (MAX), greatest length of the alveolar space of the upper molar row; postpalatal length (PPL), from anterior margin of mesopterygoid fossa to posterior border of basioccipital; length of auditory bulla (LAB), from anteriormost tip to posteriormost edge of auditory bullae; and mandibular toothrow (MTR), greatest length of the alveolar space of the lower molar row. When available, the 5 traditional external measurements (total length, tail length, hind-foot length, ear length, and mass in grams) were taken from specimen tags. Specimens were assigned to 1 of 5 relative ages based on the degree of dental wear (Hoffmeister 1951) . Only adult individuals (ages 3, 4, and 5) were included in morphometric analyses.
At the time of their examination, specimens from MSU and KU were assigned to P. boylii or P. spicilegus (177). Further study of external morphological characters (Table 1; Carleton et al. 1982) in specimens from other museums (CNMA, ENCB, TTU, and CRD) allowed us to assign specimens previously allocated to P. boylii rowleyi from the SMO to P. boylii rowleyi (191), P. spicilegus (156), or P. schmidlyi (314). We realized that the KU and MSU sample actually could include P. schmidlyi as well, and, therefore, they were labeled as Peromyscus sp. for further analyses.
We examined all the specimens used in the original description of P. schmidlyi (Bradley et al. 2004 ) including the type. These specimens are deposited at TTU or CRD. Based only on morphological and morphometric characteristics, all the TTU specimens were identified as P. schmidlyi. Of the CRD series 1 specimen is missing (CRD2104), and 9 we reidentified as P. melanotis (CRD2108, 2117, 2137), P. gratus (CRD2113, 2122 (CRD2113, , 2126 (CRD2113, , 2131 (CRD2113, , 2140 , or Peromyscus sp. (CRD2115, a skeleton with a broken skull). These specimens were not included in the analysis.
Morphometric analysis.-Because we found a high degree of variation in external measurements due to different preparation techniques and not all specimens have all the data, in all morphometric analyses we used only cranial characters. External measurements from a subsample are presented for comparison purposes. Missing data were calculated using the estimation-maximization algorithm of Little and Rubin (1987) ; 1.7% of the total data set was missing and replaced. Preliminarily, for each species we tested for significant sexual dimorphism in a subsample of specimens of age 4 (P. schmidlyi, n ¼ 146; P. boylii, n ¼ 63; P. spicilegus, n ¼ 83) using analysis of variance (ANOVA) for each variable, and multivariate analysis of variance (MANOVA) for the complete set. We found no significant differences and subsequently sexes were pooled. Results of these tests are not presented, but they are available upon request.
We performed discriminant function analysis (DFA) to find the combination of morphometric characters that better differentiates species. Prior probabilities of pertaining to a group were estimated using the proportion of each species in the total sample. Loadings of variables on the 2 discriminant axes were calculated to determine which individual variables contributed the most to the canonical structure. We plotted the value of the score of each specimen in the 1st discriminant axis in a bar diagram to illustrate multivariate differences between species. Using the discriminant functions obtained, specimens of Peromyscus sp. were assigned to P. boylii, P. schmidlyi, or P. spicilegus. A specimen was assigned to a species if the probability of belonging to such species was greater or equal to 80% (44 individuals). All other specimens (133) were left out of further analyses. The final sample size (705 specimens) included 196 P. boylii, 351 P. schmidlyi, and 158 P. spicilegus.
As part of a parallel project (M. M. Correa-Ramírez et al., in litt.), we sequenced a 1,051-base-pair fragment of the cytochrome-b gene for a small sample of P. schmidlyi from Chihuahua and Durango (n ¼ 17, CRD3812, 4001, 4025, 4026, 4036, 4937, 4938, [6061] [6062] [6063] [7938] [7939] [7940] 7943, 8540, 8541, 8547) , P. boylii rowleyi (n ¼ 8, CRD3514, 4022, 4023, 4027, 4936, 6285, 6288, 6290) , and P. spicilegus (n ¼ 4, 8044) . We compared these sequences with those of P. schmidlyi, P. boylii rowleyi, and P. spicilegus presented by Bradley et al. (2004) in the original description of P. schmidlyi and deposited in GenBank, to establish their molecular identity. All specimens for which sequences were available, including those from the original description, were correctly classified by the DFA.
Once specimens were assigned to a species, we tested for age differences separately by species. Differences were significant, and therefore age was kept under control in further analyses. To test for geographic variation, specimens were georeferenced and grouped according to the proposal of ecoregions of the SMO by González-Elizondo et al. (2012) . These authors divide the SMO into 3 major regions: Madrean sensu stricto (including highland ridges and highland plateaus- Fig. 1A ), Madrean-Tropical, and Madrean-Xerophilous. The Madrean sensu stricto region is further subdivided into 3 subregions. Specimens of P. schmidlyi were grouped according to these subdivisions in Madrean-North, including the highlands of the SMO from northern to southern Chihuahua (region 1); Madrean-Central, including northern and central Durango (region 2); and Madrean-South (region 3), comprising southern Durango southeast of the Mezquital Basin, western Zacatecas, and northern Jalisco. Comparable regions were delimited for the other 2 species based on latitude (between regions 1 and 2) and using the Mezquital River basin as a natural limit (between regions 2 and 3). For P. spicilegus no specimens from region 3 were available. We tested for significant differences by geographic region by species. When applicable, Tukey's multiple range tests were performed for each variable to determine which species were different. Finally, we tested for significant multivariate differences among species using MANOVA, followed by individual ANOVAs for each of the measured variables to infer characters that likely contributed to the multivariate result. The analysis was carried out in a 3-way manner, testing simultaneously for species, geographic, and age differences, so that species differences were not obscured by geographic or age variation. The possible interactions between species and geographic area, and age and geographic area were tested as well. Tukey's multiple range tests were performed for each variable to determine which groups were different. Wilks' lambda was used as the test statistic in multivariate analyses of variance. Statistical hypotheses were rejected at a significance level of 0.05. Statistical analyses were performed using SAS statistical software (SAS Institute Inc. 1995) and Matlab for Windows, version 7.10.0.499 (R2010a-The MathWorks Inc. 2010), using functions and scripts written by the 1st author or Strauss (2012) . To illustrate the updated distribution range and estimate habitat associations, we mapped all unique localities for each species, as well as literature records for P. schmidlyi from Cabrera et al. (2007) and Bradley et al. (2004) , for P. boylii rowleyi from Schmidly (1973) , and for P. spicilegus from Carleton et al. (1982) and Bradley et al. (1996) . We used the digital versions of the vegetation and ecoregion maps of the SMO by González-Elizondo et al. (2012, in press ).
RESULTS
Morphometric analysis.-Discriminant functions (DFs) and loadings of variables on each canonical axis are summarized in Table 2 . Canonical correlations were highly significant (F ¼ 42.5, P ¼ 0.0001, and F ¼ 11.2, P ¼ 0.001 for axes 1 and 2, respectively), with 90% of the total variance explained by the 1st canonical axis. DFA correctly classified P. boylii 63.9% of the time, P. schmidlyi 79% of the time, and P. spicilegus 89.7% of the time. The discriminant functions classified the Peromyscus sp. mainly as P. schmidlyi (Table 3) . However, only 44 of the 177 specimens in this sample had probabilities higher than 80% of belonging to any species. Based on the character set used, P. spicilegus was the most distinct of the 3 species, with only 1 P. boylii and 12 P. schmidlyi misclassified as P. spicilegus. The discriminant functions obtained were less useful in distinguishing P. boylii and P. schmidlyi, and they are better to characterize P. schmidlyi (nearly 80% of specimens correctly allocated) than P. boylii (nearly 64% of specimens correctly allocated- Table 3) .
Variables with the highest loadings on the 1st canonical axis were related to overall size (GLS, CNL, ZYG, and PPL). Loadings also were high for LBP, LD, MAX, and MTR, all variables related to the length of the snout. This measurement set separated P. spicilegus (mostly positive scores on DF1 [ Fig.  2A] ) from P. boylii and P. schmidlyi not only by its larger overall size but also by its relatively longer rostral area. Variable LAB, the length of the auditory bullae, had a low but negative loading on this axis, because it is proportionally smaller in P. spicilegus and P. boylii.
The 2nd axis of DFA explained 10% of the total variation in the sample; variables that most contributed to this axis were LIF, LD, CNL, LAB, and ZYG (Table 2) . P. schmidlyi has higher scores along this axis than the other 2 species (Fig. 2B ) due to the combination of a comparatively long rostrum, the largest auditory bullae, and wider and stronger zygomatic region (Fig. 3) . Although P. spicilegus has the longest rostrum of the 3 species (Appendix II), it also has the smallest auditory bullae, and, therefore, it has lower scores on DF2 than P. schmidlyi.
Significant geographic differences were found for P. spicilegus in both multivariate and 13 univariate comparisons (Table 4) . Specimens from Copper Canyon, Chihuahua (Madrean-North), were significantly smaller than the rest in 12 variables examined. Similarly, populations of P. boylii rowleyi were significantly different among geographic regions (Table 4 ). Univariate comparisons were significant for 9 of 14 variables analyzed; results of MANOVA were significant as well, but no clear geographic pattern was discernible from the differences. For P. schmidlyi, MANOVA results were (2012) . Deciduous and semideciduous forests, as well as subtropical scrub are included under ''Tropical deciduous forest.'' significant for the complete set of variables, but significant differences were detected only for 7 variables (Table 5 ). Significant variables show a trend of geographic variation; specimens from Madrean-Central (2) and Madrean-South (3) are not significantly different, but they tend to be larger than those from Madrean-North (1). However, differences between 2 þ 3 and 1 are significant only for ZYG.
Differences among P. spicilegus, P. boylii, and P. schmidlyi were significant in MANOVA and ANOVA for all variables (Table 5) when variation due to age and geographic location is partitioned out from the analysis. Also, when age and location are considered, there is less overlap between P. boylii and P. spicilegus, as well as between P. schmidlyi and the other 2 species (Appendix II). P. spicilegus was the largest in all measurements except the length of the auditory bulla (LAB), for which it is the smallest. P. schmidlyi was the 2nd largest species, followed by P. boylii (Tables 5 and 6 ). As expected, interactions between species and geographic region were significant for 13 of 14 variables and the multivariate test (Table 5) , consistent with the different geographic response of each species described above. For the interaction age by geographic group only 4 variables (GLS, CNL, LIF, and PPL) were significant, and the overall MANOVA results were nonsignificant.
Morphometric characterization.-Peromyscus schmidlyi was significantly larger than P. boylii and significantly smaller than P. spicilegus in all cranial measurements examined except LAB, for which P. spicilegus is significantly smaller (Table 4 ). Age differences must be considered in comparisons as well. Individuals appear to differ more among species as they get older. P. schmidlyi is a medium-sized Peromyscus with a medium-length rostrum, a wide braincase and zygomatic area, and a relatively narrow interorbital constriction. Although most mean differences are significant, there is a high degree of overlap with the other 2 species (Appendix II). No single morphometric attribute allows for diagnosis of P. schmidlyi; quantitative and qualitative cranial attributes are useful only as they compare with other species (see below and Table 1 ).
Morphological characterization of P. schmidlyi.-The living animal is a medium sized (for the genus), brightly colored, robust Peromyscus, with a relatively long snout. Coloration in museum skins (adult specimens) varies from cinnamon-red to mummy brown (as described for the holotype- Bradley et al. 2004) , with bases of dorsal hairs plumbeous black (dark gray). In most specimens, tips of hairs on midline are mummy brown, so that a dark dorsal line of variable width is visible; this line is continued to the top of the head, which then appears dark. This pattern is obliterated in red specimens, in which the dark hairs tend to be distributed in a more ''salt-and-pepper'' pattern. Even in the darker specimens, coloration is orange-red to cinnamon-rufous on the sides, with a marked, often wide, lateral line from the tip of the nose to the rump. In specimens from Durango ears are dark brown (dark neutral gray in Bradley et al. [2004] ). In specimens from Chihuahua lighter shades of brown are possible. In most specimens ventral hairs have plumbeous-black bases and white tips, with more than half the length of individual hairs gray, giving the venter a grayish appearance. An orange spot is present on the chest in some populations. Tail length is equal or slightly longer than length of head and body (Table 4) , sparsely haired except toward the tip, where hair is more abundant, and at the tip itself, which is tufted. The tail is strongly bicolored, brown to almost black on the dorsum and grayish to white on the ventral side. Feet are small, with dark heels. Bradley et al. (2004 Bradley et al. ( :1191 described ''an Iron Gray stripe extending slightly past ankle'' on the type. This line, however, is absent in most individuals examined. Vibrissae are black in the type specimen (Bradley et al. 2004 ), but black, gray, and white vibrissae are present across the sample examined, sometimes all together in the same specimen. Cranially, P. schmidlyi is characterized by a robust, posteriorly rounded, almost circular braincase as seen from the dorsal side, long rostrum, moderately inflated bullae, and teeth that are relatively simple (sensu Carleton et al. 1982 -as compared with P. spicilegus; Fig. 3 ). The borders of the interorbital region are evenly contoured or ''hourglass-shaped'' (as described in Carleton et al. [1982:14] for P. boylii), and they lack a bony ledge or supraorbital shelf in the posteromedial areas of the orbit, except in very old individuals (Carleton et al. 1982:31) . The posterior extreme of the nasals is tipped (as opposed to blunt in 80% of P. spicilegus; Fig. 3A) , and the anterior portion of the zygomatic arches is wide and robust.
DISCUSSION
Five species of Peromyscus are known from the highlands (above 2,200 m of elevation) of the SMO: P. difficilis, P. gratus, P. melanotis, P. polius, and P. schmidlyi (Baker and Greer 1962; Anderson 1972; Carleton et al. 1982; López-González and García-Mendoza 2012; García-Mendoza and López-González 2013) . P. schmidlyi is easily separated from all but P. gratus by size (larger than P. melanotis, smaller than P. difficilis and P. polius). Ear length in P. schmidlyi is significantly shorter than in P. polius, P. gratus, and P. difficilis. Also, P. schmidlyi has smaller auditory bullae than P. gratus and P. difficilis. P. boylii, P. leucopus, P. maniculatus, P. pectoralis, and P. melanophrys inhabit the eastern versant of the SMO at lower elevations, but only P. boylii and P. melanophrys (a much larger, long-tailed Peromyscus) reach elevations where they are sympatric with species of the highland group. On the western versant of the SMO, only P. spicilegus reaches high enough elevation to be sympatric with the highland forms, particularly with P. schmidlyi. There is another form, collected in the oak forests and higher band of tropical forest of the western slope. It is sympatric with P. spicilegus and might be sympatric with P. schmidlyi. This is a small mouse (equal to or smaller than P. boylii) with short ears. It does not seem allied to any of the species of the subgenus Haplomylomys that occupy the Pacific Plateau, and resembles neither P. spicilegus nor P. simulus (sensu Carleton et al. 1982) . Cranially it resembles P. boylii rowleyi, but, unlike it, the specimens available have an almost unicolored, sparsely haired tail with no tuft. The taxonomic status of these specimens (labeled as Peromyscus sp., all deposited at CRD) remains to be investigated, but they are easily distinguishable from P. schmidlyi by their smaller size, brown-yellowish coloration, lack of dorsal dark line, very slightly bicolored, scantily haired tails, and lack of tufts. Thus, P. schmidlyi can only be confused throughout its distribution with P. spicilegus and P. boylii rowleyi.
Comparisons.-A summary of external and cranial characters that allow for distinction among P. schmidlyi, P. spicilegus, and P. boylii rowleyi from the study area is given in Table 1 . We found a high degree of variation in all attributes analyzed, both external and cranial. No single character is diagnostic of the species, and identification of a sample based on morphology can be accomplished only by considering the complete set of characters, age, and locality of collection. Other attributes (karyotypic and molecular) that allow distinction of these taxa are described and compared extensively in Bradley et al. (2004) and Ordóñez-Garza and Bradley (2011) .
In general, externally P. schmidlyi is the darkest of the 3 species; its dorsal pelage is bright orange to mummy brown, whereas that of P. spicilegus is bright orange, and that of P. boylii rowleyi is yellow-brown (although old individuals become orangish), with a greener hue than the other 2. The venter of P. schmidlyi venter is grayish, in contrast with the other 2 species, in which the ventral pelage is whiter. The lateral line is narrower and yellower in P. boylii rowleyi, and orange colored and wider in P. schmidlyi. There is no lateral line in P. spicilegus, but, instead, the orange coloration of the sides continues to the dorsum, where individual dark brown hairs mix with the orange to confer a darker appearance to the middle of the dorsal portion. This pattern occurs in a few specimens of P. schmidlyi as well. There is a great deal of overlap in fur coloration among the 3 species, often within the same population. Fur coloration is best used to separate P.
spicilegus from the other 2 species. The overlap in fur pattern can be so high as to render P. schmidlyi and P. boylii indistinguishable by color alone. Still, both taxa can be separated using cranial attributes and size differences. P. boylii and P. schmidlyi have strongly bicolored tails that are sparsely covered with hair on their base but that gradually become hairier and end in a tuft. In contrast, the tail of P. spicilegus is sparsely haired in all its length, has no tuft, and the bicoloration is less marked as a result of a grayer ventral side and the absence of a marked contrast between the dorsal and ventral sides. Another, very subtle difference between P. spicilegus and P. boylii as compared to P. schmidlyi is the texture of the fur, which tends to be silky and slick in the first 2, and more hirsute in the latter. Cranially, P. spicilegus is the most distinctive of the 3 species, both in size and shape of the skull (Appendix II; Fig.  3 ). As described by Carleton et al. (1982:14) , P. spicilegus can be distinguished from P. boylii and also from P. schmidlyi by having more complex teeth, and a bony shelf on the anterior portion of the orbits, making the region appear ''more angled or acutely constricted [in P. spicilegus], in contrast to the evenly contoured or hourglass-shaped interorbit'' of P. boylii and P. schmidlyi. Adults of P. spicilegus have a very slight crest on the lateral edges of the frontal and parietal bones. Auditory bullae are significantly smaller in P. spicilegus than in the other 2 species (Appendix II; Table 5 ). Characters related to the length of the rostrum (LIF and LD) are significantly larger than in the other 2 species, with almost no overlap (Appendix II). The skull is proportionally narrower in the mastoid area, and the teeth are more complex. The posterior edge of the nasal bones (in 80% of specimens) is blunt or ''squared'' in P. spicilegus, whereas in P. schmidlyi and P. boylii it ends in a pointed tip (Fig. 3A) . The skull is more domed in P. boylii rowleyi and P. schmidlyi than in P. spicilegus. On the western slope of the SMO P. spicilegus and P. schmidlyi are sympatric and sometimes externally similar, but the combination of larger cranial size, smaller bullae, more complex teeth, and the shape of the interorbital constriction is enough to separate them.
Peromyscus schmidlyi is larger than P. boylii rowleyi in all measurements analyzed. This relationship holds only for the study area, because P. boylii rowleyi can be as large as or larger than P. schmidlyi in other parts of its distribution (Schmidly 1973) . P. schmidlyi has a wide BBC, comparatively narrow INC (not significantly different, but proportionally narrower, because P. boylii is a smaller animal), and wide ZYG. The skull of P. boylii rowleyi is more delicately built, with a weaker, narrower zygomatic arch and a seemingly shorter rostrum than P. schmidlyi (this impression probably due to the contrast with the larger, wider, and more rounded braincase of P. schmidlyi). The 2 species are sympatric on the eastern slope of the SMO. In this area, they can be separated by the lighter coloration, whiter venter, and smaller overall size of P. boylii rowleyi, as well as the more delicate conformation of the skull and narrower braincase (Fig. 3) .
In summary, P. spicilegus is morphologically the most distinct, both cranially and externally. In most instances, individuals of P. spicilegus can be readily separated from the other 2 species by the distinct shape of the skull, small bullae, and their larger size. Separating P. schmidlyi from P. boylii can be more difficult. At higher elevations and on the western slope of the SMO, P. schmidlyi is darker and brightly colored. Eastward it becomes browner and duller, and can be indistinguishable in dorsal and ventral coloration from P. boylii rowleyi. However, P. schmidlyi is a more robust, larger mouse (when relative age is accounted for), with an almost circular outline of the braincase as seen from the dorsal side, stronger zygomatic arches, and hairier and more markedly bicolored tail (sometimes with a white tip).
Examination of specimens of P. schmidlyi from southern Durango, and of P. spicilegus from Nayarit, the above conclusion that P. boylii rowleyi does not occur on the western versant of the SMO, the clear morphological and genetic distinction of P. simulus shown by Carleton et al. (1982) , Tiemann-Boege et al. (2000) , and Bradley et al. (2004 Bradley et al. ( , 2007 , as well as our revision of the evidence presented by Carleton (1977) and Carleton et al. (1982) , led us to conclude that the specimens allocated to P. boylii rowleyi from Nayarit and southern Durango included in those 2 papers are very likely P. schmidlyi. For instance, although we did not examine it, the specimen from 13 km SW Santa Teresa depicted in 7 and 8 (USNM523738) in Carleton et al. (1982) is probably a P. schmidlyi, because it corresponds morphologically, and the collecting locality is on the mesa de Santa Teresa, located at 2,100-2,200 m of elevation and covered with pine-oak forest. Moreover, another specimen collected at the same locality (USNM523739, figure 10 in Carleton et al. [1982] ) had a karyotype with a fundamental number of 56, characteristic of P. schmidlyi (Bradley et al. 2004) . Similarly, UMMZ100327 from near San Luis, Durango, has the morphology of and was collected in the typical habitat of P. schmidlyi.
Geographic variation.-Specimens of P. spicilegus from the Copper Canyon in southwestern Chihuahua were significantly smaller than the rest of the sample in most variables examined. This was not due to having a sample of relatively young individuals (all ages are represented), nor to misidentification (all specimens were correctly classified as P. spicilegus), but it could be the result of the large difference in sample size (10 for region 1 versus 148 for region 2). Nonetheless, Bradley et al. (1996) , while studying geographic variation in P. spicilegus, reported smaller sizes for specimens from Alamos, Sonora, and Choix, Sinaloa, also at the northern edge of the known distribution for this mouse. These differences could be attributed to the marginality of the habitats where these samples were collected, but also, as Bradley et al. (1996) suggested, to the possibility of representing a different taxon.
Results from ANOVA for P. boylii rowleyi indicate that populations from region 1 are significantly smaller than those from the other 2 regions. However, specimens from region 1 include mostly specimens from the mountains, whereas samples from regions 2 and 3 include individuals from both the highlands and the plateau (Fig. 1A) . Although we did not test it, we noticed that specimens from the mountains seem to be smaller than those from the plateau. This suggests that the pattern of geographic variation in P. boylii may not follow a north-south but rather an east-west cline. Analysis of the subject is beyond this paper, but these results highlight the need of considering geographic location when comparing P. boylii and P. schmidlyi. P. schmidlyi showed significant geographic variation; for those individual variables that were significant, there seems to be a trend, so that that individuals from region 1 also tend to be smaller than those from more southern areas (Table 4) .
Geographic distribution: P. schmidlyi.-Based on the confirmed records available to us, we conclude that the distribution of P. schmidlyi comprises the highlands of the SMO, from north-central Chihuahua and eastern Sonora to Zacatecas and northern Jalisco. The northernmost record available is from 30 mi SW Colonia Pacheco, 2,129 m, Chihuahua (KU61197, 64188, 64189) . To the south, it reaches as far as 22.7 km S, 8 km W San Juan Capistrano, Zacatecas, 2,072 m, at the border between Jalisco and Zacatecas states (ENCB18971, 18972, 18977, 18978, 18981, 18982; Fig. 1A) . Easternmost records are from 3 km N, 8 km W Valparaiso, 2,225 m, Zacatecas (ENCB31894, 31898-31903, 31905-31907) . To the west the most extreme records are those of Cabrera et al. (2007) at 0.8 km N, 1.4 km E Yécora, 1,550 m, and Houseal et al. (1987) from El Palmito, Sinaloa. P. schmidlyi occurs in coniferous forests (heretofore vegetation categories as defined by González-Elizondo et al. [2012] ) with an understory of shrubs, mosses, ferns, and grasses. These associations are dominated by 1 or more species of the genera Pinus, Abies, Picea, Cupressus, and Pseudotsuga, and occur above 2,400 m on the most humid portions of the western slope and the plateau that forms the crest of the SMO. In these areas P. schmidlyi has been collected along with voles (Microtus mexicanus), shrews (Sorex sp. -Webb and Baker 1962) , and various species of highland Peromyscus (P. melanotis, P. difficilis, and P. gratus). The highest locality known to us is Cerro Mohinora, 13.5 km S, 7.5 km W Guadalupe y Calvo, 3,000 m, Chihuahua (CRD5282, 5283, 5581). Below 2,500 m P. schmidlyi occurs in mixed pine-oak or pine-oak-juniper associations, reaching as low as 1,550 m (Lee et al. 1972; Bradley et al. 2004; Cabrera et al. 2007) at the transition between the pine-oak and tropical deciduous and semideciduous forests. At these transitional areas, P. schmidlyi has been recorded in sites of low inclination, but also on the walls of the deep canyons that penetrate the western versant of the SMO (Carleton 1977; Ordóñez-Garza and Bradley 2011) . The specimen reported by Bradley et al. (2004) from San Juan de Camarones, 580 m (TK70812, CRD1823), was mislabeled; it actually was collected 30 km SW Ojitos, 2,495 m. As far as we can ascertain from our own observations and literature reports, P. schmidlyi does not occur in the bare boulders or rocky, shallow soils that constitute the main habitat of Pinus lumholtzii-Quercus viminea at the rim of the western canyons of the SMO, as described by Ordóñez-Garza and Bradley (2011) . Based on the specimens examined, we conclude that a number of former papers published on P. boylii rowleyi from the SMO highlands (e.g., Drake 1958; Alvarez and Polaco 1984; Álvarez and Arroyo-Cabrales 1990) actually refer to P. schmidlyi. These papers concluded that where it occurs, P. schmidlyi is the most abundant Peromyscus.
Geographic distribution: P. boylii rowleyi.-According to the map presented by Kalcounis-Rüppell and Spoon (2009: figure 3 ), P. boylii rowleyi is widely distributed in northwestern Mexico, occurring from northern Jalisco to Chihuahua and Sonora. Our results indicate that in Mexico P. boylii rowleyi occurs only on the eastern slope of the SMO and on the Mexican Plateau, generally at elevations below 2,400 m above sea level, and therefore it is absent from Sonora. The San Pedro Nolasco Island population reported in Kalcounis-Rüppell and Spoon (2009) belongs to a different subspecies, P. boylii glasselli. At the SMO and adjacent plains, P. boylii rowleyi occupies from west to east: pine-oak forests, secondary chaparrals, juniper-pinyon pine forests, or oak forests (''bosque bajo abierto'' in Gonzá lez-Elizondo et al. [2012:375] ), and mesquite grasslands, in all instances in rocky situations. P. boylii rowleyi is sympatric with P. schmidlyi in the intermontane valleys of Chihuahua and along the transition between the pine-oak forests and the more open juniper and oak forests of the eastern versant (Fig.  1B) . These transitional areas reach far west into the mountains through river basins.
Geographic distribution: P. spicilegus.-The known distribution of P. spicilegus is depicted in Roberts et al. (1998) . The authors also included a proposed extension based on ''recent data'' that included those of Bradley et al. (1996) . Our records confirm this proposed distribution in part (Fig.  1A) . On the western slope of the SMO P. spicilegus occurs from the southernmost tip of Nayarit (Carleton et al. 1982) and to the northwest at least to the Copper Canyon; the northernmost record available is Barranca del Cobre, 23 mi (36.8 km) S, 1.5 mi (2.4 km) E Creel, elevation unknown, but somewhere between 1,500 and 2,000 m of elevation (KU73775, 73780, 73782) . To the southeast of the SMO, this species is distributed along the coastal sierras as far south as Rancho El Reparito, Michoacán (Bradley et al. 1996) , located, according to Sánchez-Hernández et al. (1999) , on km 219 on the road Apatzingán-Playa Azul (18829 0 48.6 00 N, 10280.475 0 W; 280 m). As Carleton (1977) and Carleton et al. (1982) pointed out, P. spicilegus occurs throughout the intermediate montane belt of the western slope of the SMO. It occurs primarily in deciduous and semideciduous forests (''bosque tropical caducifolio'' and ''bosque tropical subcaducifolio'' of González-Elizondo et al. [2012:375] ), at the oak forest belt above them, and even higher at the transition between tropical or oak forests and pine-oak forests. P. spicilegus has been recorded as high as 2,100 m in Rancho Viejo Nayarit (Carleton et al. 1982) . P. spicilegus is found in rocky hillsides throughout its distribution, whereas P. schmidlyi is common in less steep, forested areas with grassland cover. P. spicilegus enters into the mountains of the western flank of the sierra through the deep canyons or ''quebradas.'' These canyons can reach depths of more than 1,000 m (e.g., Copper Canyon and Mezquital River Canyon), and are covered with tropical deciduous and semideciduous forests at the bottom, oak forests at midelevations, and pineoak associations at the rim and top. At the Mezquital River Canyon, for instance, P. spicilegus has been recorded as far as Santiago Teneraca, in the middle of the mountain range, but at an elevation of about 1,200 m (Fig. 1B) . Similarly, P. spicilegus has been reported as far inland as the Copper Canyon in the north, and Mesa del Nayar, Nayarit, in the south (Carleton et al. 1982) , both sites located at the edge of deep canyons covered by tropical deciduous forests. It is at these canyons where P. spicilegus, Peromyscus sp., and P. schmidlyi may come into contact, because the slopes are very steep, and strong vegetational changes can occur within very small distances (less than 500 m).
In summary, the distribution of Peromyscus of the SMO closely reflects the ecological regions proposed by González-Elizondo et al. (in press; Fig. 3 ). P. spicilegus occupies the Madrean-Tropical and Tropical regions; P. schmidlyi occurs at Madrean-North, Madrean-Central, and Madrean-South regions, and P. boylii rowleyi occurs in Madrean-Xerophilous and Madrean-North regions. Sympatry of species occurs along the transition between regions.
Recent work on the SMO and previous research by other authors (e.g., Bradley et al. 1996 Bradley et al. , 2004 indicates that our basic knowledge on its biodiversity is far from complete. In particular, a number of undescribed species of small mammals probably occur in the western slope and associated canyons (quebradas). The puzzle that constitutes the genus Peromyscus in Mexico has been patiently and painstakingly put together for the last 100 years by researchers using morphological, morphometric, karyotypic, allozymic, and molecular data. Our current understanding of the genus would not have been possible using only 1 suite of characters. The morphological and genetic complexity that occurs at the SMO points to the need of a comprehensive analysis of all evidence available in order to ascertain the number of evolutionary entities that occur there, as well as their relationships. Because of their ruggedness, many areas on the western slope have remained almost inaccessible until very recently, and even now, social conflicts at the local level make it difficult to carry out biological surveys (and research in general) in many regions. Nonetheless, anthropogenic effects are accelerating and only 2 protected areas, Alamos-Rio Cuchujaqui in Sonora (Comisión Nacional deÁreas Naturales Protegidas [CONANP] 2012) and the recently created Sierra de Vallejo State Reserve (Gobierno del Estado de Nayarit 2004), exist along the more than 1,200-km-long western slope. Thus, a sound policy for survey and inventory of the western slopes of the SMO is urgent if we expect at least to have an inventory of the diversity of this wonderfully complex mountain system.
RESUMEN
Se examinaron 705 ejemplares de museo incluyendo el holotipo e individuos identificados usando citocromo-b mitocondrial, para caracterizar Peromyscus schmidlyi desde el punto de vista morfológico y morfométrico. Se midieron 14 variables craneales y se realizó un análisis de funciones discriminantes para encontrar aquellas másútiles para separar especies. Se utilizaron análisis de varianza univariados (ANOVA) y multivariados (MANOVA) factoriales para evaluar diferencias entre especies, sexos y distribución geográfica. P. schmidlyi se comparó con P. boylii rowleyi y P. spicilegus, especies morfológicamente similares y parcialmente simpátricas con P. schmidlyi. Finalmente, se reevaluó la distribución de las 3 especies en la Sierra Madre Occidental (SMO). P. schmidlyi es de tamaño mediano, distinguible por un conjunto de caracteres incluyendo: tamaño general intermedio entre P. spicilegus y P. boylii rowleyi, caja craneana y arco cigomático relativamente anchos, región interorbital en forma de reloj de arena, bulas auditivas grandes, y cola marcadamente bicolor con un pincel en la punta. La caracterización morfológica de P. schmidlyi requiere tomar en cuenta la edad relativa y localidad de los ejemplares. Individuos previamente identificados como P. boylii rowleyi fueron reidentificados como P. schmidlyi. Como resultado, se puede concluir que P. schmidlyi se distribuye en los bosques de coníferas y pino-encino de la SMO, del norte de Chihuahua al norte de Jalisco, entre 1,550 (en la vertiente occidental) y 3,000 m sobre el nivel del mar. Es simpátrica con P. boylii rowleyi entre 2,100 y 2,400 m a lo largo de la vertiente oriental, y con P. spicilegus sobre una angosta banda (1,550-2,000 m) en la abrupta cara occidental. La distribución de estas especies sigue muy de cerca la ecoregionalización más reciente de la SMO.
